Chronic non-specific low back pain is a major health burden worldwide including Singapore. As literature shows inconclusive evidence on the benefit of various forms of exercises for chronic low back pain patients, we intended to investigate the efficacy of a four-week posture correction and movement re-education programme delivered through cognitive behavioural modification.
INTRODUCTION
Chronic non-specific low back pain (NSLBP) is a major health problem with a huge financial burden worldwide, including Singapore 1 . In a large epidemiological survey on the prevalence and impact of chronic pain in Singapore, it was found that 8.7% of the total population suffers from chronic pain 1 . Among this population, the major cause of pain was musculoskeletal 1 and the main locations of pain were knee, shoulder and lower back 1 . More than half reported that pain affected their daily chores that required lower limb activities such as the ability to lift objects (58%), walk (52%) and exercise (50%) 1 . In fact, 38.6% reported difficulty functioning in their normal roles 1 . Hence, we find a significant impact on work and daily function of those with chronic NSLBP in Singapore resulting in disability, as reported similarly by Lin et al 2 .
Studies have suggested that different forms of exercise confer benefit for chronic NSLBP patients [3] [4] [5] [6] [7] . In addition to teaching exercises, the literature suggests that we need to approach chronic NSLBP holistically by integrating body mechanics education 8, 9 and ergonomic correction 10 , and activity pacing [11] [12] [13] . A group educational intervention like back school is an easy way to teach back exercises and additional practical Proceedings of Singapore Healthcare  Volume 23  Number 3  2014 information on back care like correct postures, body mechanics, ergonomics and activity pacing. Hence, for the purpose of this study, we designed a back school programme that included instructions on functional back exercises [3] [4] [5] [6] [7] along with postures 8, 9 , body mechanics 8, 9 , ergonomics 10 and activity pacing [11] [12] [13] as suggested by the literature.
Various back school programmes that teach back exercises and practical information on back care for patients with NSLBP have been reported in the literature 14 . However, it should be noted that the efficacy of those back school programmes was not consistent 14 . It could possibly be because of the intriguing psychological constructs related to patients' disability attitudes, beliefs and behaviours 15 . Hence, it was important to address the various psychological constructs that might act as barriers in patients' minds, while designing a back school programme. In order to deal with the psychological barriers, an interactive, patientcentred method of learning was needed to teach the contents of the back school programme.
The conventional cognitive behavioural therapy (CBT) assumes that changing one's maladaptive thinking helps to change one's attitude, beliefs and behaviour [16] [17] [18] [19] . Brunner et al. suggested that physiotherapists can use CBT-based strategy based on principles of operant conditioning through positive reinforcement to promote graded activity among chronic pain sufferers 20 . Operant conditioning through positive reinforcement, is a method of learning where an individual's behavior is modified by reinforcing the acceptable behaviors with a reward or praise. In this study, it was thus planned to let the physiotherapist give positive reinforcement verbally to facilitate graded activity when the participants learnt the contents of the back school programme. Hence, the CBT through operant conditioning with positive reinforcement was thought to be an appropriate choice in this study, to teach the contents of the back school program in the experimental group.
We have not found studies comparing a back school programme instructed through CBT-based learning strategy to a conventional mat-based exercise programme in Singapore to date. Hence, a back school programme was designed to teach functional back exercises along with additional practical information on back care like correct postures, body mechanics, ergonomics and activity pacing. This was to be delivered through CBT-based operant conditioning learning strategy in the experimental group. In the control group, generic mat-based exercises were planned to be taught.
The aim of this study was to compare a back school programme delivered through CBT-based learning strategy to a generic mat-based exercise programme for chronic NSLBP patients.
METHODS

Subject recruitment
Recruitment was conducted through poster advertisements and by word of mouth during consultations with physiotherapists. Sixty respondents with chronic NSLBP agreed to take part in this study. After giving verbal consent, they were screened for the inclusion and exclusion criteria. Only 28 respondents fit the inclusion criteria, all of whom were enrolled into the study after they had given written consent. However, only 15 participants completed the study as 13 participants dropped out of the study due to noncompliance and/or inability to obtain time-off from work ( Fig. 1 ). Approval was obtained from the SingHealth Centralised Institutional Review Board (CIRB) prior to the start of the study.
Inclusion/exclusion criteria
The candidates in this study were between 18 and 65 years of age. Candidates with non-specific low back pain with a pain score <8 on the verbal numerical pain (VNP) scale, and without significantly impaired spinal mobility were included in this study. Only candidates who could read and speak English were included in this study.
Candidates suffering from numbness, paraesthesia or radicular symptoms were excluded from this study, as were those with any other musculoskeletal disorders of the lower limbs or upper-and midback pain. Candidates with red flags such as cancer, fractures, inflammatory or infective diseases, cauda-equina syndrome or other neurological disorders and those having spinal surgery less than six months prior to this study were also excluded from this study.
Study protocol
This study was conducted in the Musculoskeletal Physiotherapy Clinic at Changi General Hospital. After all the participants were assessed for eligibility and identified, they were given an information booklet Proceedings of Singapore Healthcare  Volume 23  Number 3  2014 about the study. The participants were scheduled for a pre-trial initial screening, with one of the study investigators, after two to three weeks. On that day, all participants were asked to give written consent to enrol in the study.
The participants were then randomly allocated into either control or experimental group exercise classes. Outcome measures were administered by an investigator before the exercise classes started. Each group had four sessions of group classes, conducted once per week, with each session lasting a duration of one hour. Outcome measures were administered again, by the same investigator after the participants had completed four sessions.
Research design
This study was a double blinded, randomised controlled pilot trial. The participants were randomised using a sealed envelope. The participants were blinded to their allocation during randomisation into two different group exercise classes. Two different physiotherapists instructed the control and experimental group exercise classes separately. These physiotherapists were blinded to the data collected from their respective groups. An independent investigator collected data before and after the exercise classes. Another investigator independently collated the data and conducted the analysis.
Interventions
The participants in the control group performed generic mat-based exercises commonly used to treat chronic NSLBP patients. These exercises were not focused on any specific body mechanics or postures. The stretches were performed in reclined position on an exercise mat for the quadriceps, hamstrings, calf, hip external rotators and for the spine (such as cat/dog stretches and prayer stretches). Mat exercises (e.g. knee hugs, knee rocking, lumbar rotation and pelvic tilts in the supine position), mat-based core stability exercises (e.g. transversus abdominis activation Two sets of ten repetitions of each exercise, were performed for the one hour duration at each session; this was continued for four consecutive sessions once a week. The participants were instructed to follow the exercises as performed by the physiotherapist. The sessions were kept less interactive as they would be in a regular group exercise class.
The participants in the experimental group performed functional back exercises and had back care instruction amounting to one hour duration for each session. The participants received training in specific tasks like lifting, sitting or mopping in order to correct their body mechanics in their activities of daily living (ADLs). The first 15 minutes of the session was a PowerPoint® presentation on correct postures like upright sitting and standing postures, proper body mechanics of ADLs like lifting, mopping and sweeping, walking, going up and down the stairs, information on ergonomic correction and activity pacing. It was followed by a functional task practice of all the above mentioned ADLs for the next 30 minutes. Functional task practice involved rehearsal of all the ADLs with a proper posture and body mechanics. Visual and manual feedback was given during this practice.
Task-specific functional exercises and stretching exercises in an upright standing posture were performed during the final 15 minutes. Taskspecific functional exercises included upright exercises that offer challenge to balance (e.g. single leg stance (SLS), SLS with upper and lower limb movements, single and double leg tip toe, single and double leg half squats, forward and side lunges). The stretches for hip flexors, hip adductors, knee extensor, knee flexor, ankle plantar flexors, back extensors, back lateral flexors and pectorals were performed in upright position. Ten repetitions of each task-specific functional exercise and the stretching exercises were performed during the final 15 minutes.
In the experimental group, the CBT learning strategy through operant conditioning was undertaken. All participants were asked to report at least three difficult tasks in their daily functional activities and rate them in a patient-specific functional score form. These tasks were noted and were emphasised during the functional task practice time, if they were associated with their routine daily activities or their occupation. For homemakers, participants reporting difficulty in mopping the floor or lifting objects from floor were trained in these tasks. For desk-bound workers reporting difficulty in sitting for prolonged periods or standing up from a sitting position were trained in these tasks. Positive feedback with verbal appreciation was given when the participants performed the tasks correctly.
In the experimental group, all participants learnt their difficult tasks in a group setting with the attending physiotherapist emphasising each individual's difficult tasks. However, all participants also learnt other tasks that were considered less difficult. The sessions were kept interactive to enable collaborative two-way communication between the physiotherapist and the participants; so that the participants are willing to change their faulty movement and lifestyle habits. Participants were advised to comply with the counsel and practice given for the correct postures, body mechanics, ergonomics and activity pacing during their daily functional activities. All participants were encouraged to do the exercises taught at least once a day. Verbal appreciation was given when the participants confirmed their compliance with the advice and the home exercises during each visit. Participants in both groups were advised not to seek any other treatments in order to standardise the treatments received.
Outcome measures
The primary outcome measure used was the verbal numerical pain (VNP) scale. The secondary outcome measures used were Roland Morris disability questionnaire (RMDQ), patient-specific functional score (PSFS), and global perceived effect (GPE) score.
Statistical analysis
The statistical analyses were performed with SPSS 19.0.0 (SPSS Inc, United States). All data were checked for normality prior to analyses. The level of significance was set at p<0.05. As there was only a small sample size (n=15) with the data set having a few outliers, the median values and interquartile range (IQR) were used as descriptive measures. A Wilcoxon rank sum test for the analysis of low back pain outcomes before and after the intervention in control and experimental groups was carried out.
RESULTS
The patient characteristics were comparable at baseline across the control and the experimental groups ( Statistical analyses using a Wilcoxon rank sum test to test for significant differences between the preand post-intervention scores in the key outcome measures were carried out. In the experimental group, statistically significant differences were found between pre-and post-intervention scores in all outcome measures [VNP (p=0.01), RMDQ (p=0.01), PSFS (p=0.01) and GPE (p=0.00); Table  2 ]. In the control group, we found a statistically significant difference in the PSFS score (p=0.04) between pre-and post-intervention.
A box plot graph was plotted for the primary and secondary outcome measures to compare the difference between the control and experimental groups in their pre-and post-intervention scores. The graphs (Figs. 2-5 ) indicated a trend towards improvement in both groups. Negative trends between the pre-and post-intervention scores were not noted for any of the outcome measures in both control and experimental groups. Although the control group showed a visually identifiable difference between the pre-and post-intervention scores, the experimental group displayed statistically significant differences in all outcome measures. This indicates that although both groups displayed improvement after intervention, that of the experimental group was statistically significant.
DISCUSSION
The results of this pilot study indicates that a back school programme utilising a CBT-based operant conditioning learning strategy tailored to a patient's concerns and doubts was superior to a general mat exercise programme in reducing pain, functional disability, and in improving global impression of recovery among patients with chronic NSLBP. This confirms the conclusions of Nicholas et al. that there is moderate evidence for operant therapy in short-term pain relief 21 .
However, as many of the studies reviewed in Nicholas et al. did not measure pain and functional disability with both a visual analogue scale and RMDQ, there was no information on the clinical significance of the effect. In our study, statistically significant differences (Table 2) between the pre-and post-intervention scores were noted for the outcomes measuring pain (VNP), functional disability (RMDQ, PSFS) and global impression of recovery (GPE) in the experimental group. Furthermore, the experimental group indicated a clinically meaningful reduction of 6.0 points in RMDQ, an increase of 2.0 points in PSFS, and an increase of 3.0 points in GPE score in their respective median values. 22 . We obtained similar results in reducing pain and disability here (Table 2) when the participants were retrained using the CBT-based operant learning approach. Our results indicate mounting evidence that a behaviourallyoriented targeted approach can effectively reduce pain and disability among chronic NSLBP patients in Singapore.
Although the results of a pilot study cannot be generalised 23 , it is still useful to publish the results of a well-conducted pilot or feasibility study irrespective of the outcome 24 . A well-designed pilot study can inform us about likely outcomes too 25 . As this was a pilot study, the intention here was to examine both study design and feasibility of a larger-scale study.
This study blindly randomised its participants to different treatment groups. The randomisation and blinding procedures used were easy to carry out. The feasibility of imparting the contents of the back school programme through an interactive CBT-based learning strategy was examined. Feedback from the physiotherapist who conducted the experimental-group exercise classes in this trial suggests that only five to six participants per group can be managed at any time for an interactive exercise session.
The physiotherapist attending the experimental group reported greater compliance among participants, as they better understood self management. We did not identify any negative trends in the outcome measures for the experimental group, which gave us reassurance to extend the study to a larger scale. This study was an example of how healthcare professionals can positively influence the chronic low-back pain sufferer's attitudes and beliefs 26 .
Limitations
The sample size in this study was very small as it was a pilot study and care should thus be taken in interpreting the results. A randomised controlled trial with a larger sample size is needed to corroborate the results obtained here.
CONCLUSION
This pilot study indicates that a back school programme through CBT-based operant learning strategy may decrease pain (VNP), disability (RMDQ, PSFS) and increase the global impression of recovery (GPE) compared to a generic mat exercise programme in patients with chronic NSLBP. The results of this study have implications with respect to exercise prescription for patients with chronic NSLBP. Clinicians may consider an education on correct postures; body mechanics, ergonomics and
